DE1824 

PULSE WIDTH MODULATION AMPLIFIER 

Description of the Related Art 
The present invention relates to a pulse width 
5 modulation amplifier, in particular, it relates to a 
pulse width modulation amplifier which is capable of 
suppressing an output distortion. 

Recently, a Class D amplifier such as PWM (Pulse 
Width Modulation) amplifier attracts attention from 
10 a viewpoint of lower power consumption, since in the 
Class D amplifier, a loss in an output stage is smaller 
comparing to a Class A amplifier and a Class B 
amplifier . 

Fig. 6 is a block diagram showing the output stage 
15 of a pulse width modulation amplifier according to 
earlier development. ''^Vcc" represents a 
direct-current power source. Reference numbers 31, 
32, 33 and 34 respectively indicate a first switching 
element, a second switching element, a third switching 
20 element and a fourth switching element. These 

switching elements 31, 32, 33 and 34 constitute a 
bridge circuit. Reference numbers 5 and 6 indicate 
low pass filters for filtering a noise, and reference 
number 7 indicates a loud speaker as a load on the 
25 bridge circuit. 
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Fig. 7 is a waveform chart showing operations of 
each part of the pulse width modulation amplifier as 
shown in Fig. 6. Here, "'D" indicates a driving signal 
which is supplied to the first and the fourth switching 
5 elements 31 and 34, and ^'-D'' (inversion signal of ^'D") 
indicates a driving signal which is supplied to the 
second and the third switching elements 32, 33. ^'Vsp" 
indicates a voltage to be applied to the loud speaker 
7, and ''isp'' indicates a loud speaker current. 

10 Fig. 8 is an overall block diagram of the pulse 

width modulation amplifier as shown in Fig. 6. 

Reference number 21 indicates an input section 
to which audio data is inputted from a reproducing unit 
such as a CD (Compact Disc) player, for example. 

15 Reference number 22 indicates a digital filter by which 
the audio data is subjected to a computing process such 
as tone control, and low-pass filtering. Reference 
number 23 indicates a PWM generating section which 
generates the driving signals D and -D for driving the 

20 switching elements 31, 32, 33 and 34. Reference 

number 24 indicates an output stage corresponding to 
the bridge circuit comprising the first to the fourth 
switching elements 31, 32, 33 and 34. 

The PWM generating section 23 compares the audio 

25 data and a triangular wave, for example, and generates 
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the driving signals D and -D based on the comparison 
result. When the driving signal D becomes level ''H", 
which is supplied by the PWM generating section 23 to 
the switching elements 31, 34, the switching elements 
5 31 , 34 are turned ^^ON", and a forward voltage oc is 
applied to the loud speaker 7 (see Fig. 7) . Similarly, 
when the driving signal -D becomes level ''H'', which 
is supplied by the PWM generating section 23 to the 
switching elements 32, 33, the switching elements 32, 

10 33 are turned "'ON'', and a reverse voltage (3 is applied 
to the loud speaker 7. Therefore, as shown in the left 
portion of the waveform of "'vsp" in Fig. 7, during ""Tl", 
i.e., a time period when the forward voltage oc is 
applied to the loud speaker 7 is longer than the time 

15 period when the reverse voltage p is applied, the loud 
speaker is forward-driven. On the other hand, during 
^^T2", i.e., a time period when the forward voltage a 
is applied to the loud speaker 7 is shorter than the 
time period when the reverse voltage jS is applied, the 

20 loud speaker 7 is reverse-driven. 

In the meantime, the output from the pulse width 
modulation amplifier is determined by a. pulse width 
of the driving signal and amplitude of the power supply 
voltage. Therefore, in order to obtain an amplifier 

25 output without any distortion, the output stage of the 
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pulse width modulation amplifier needs a supply of 
driving signals D, -D, each having a precise pulse 
width, and a power supply voltage with a limited 
voltage regulation. 
5 A technique to suppress a distortion in output 

from an amplifier, due to a regulation in the power 
supply voltage, is described in the Japanese Patent 
Applications Laid-open No . S 52- 9 6 8 54 , No . S 6 1 - 3 9 7 0 8 , 
and No .H03-159409 . 
10 According to the amplifier disclosed in the 

Japanese Patent Application Laid-open No . S52-96854 , 
a distortion in the output from the amplifier due to 
the regulation in the power supply voltage can be 
removed, by adding a constant voltage diode within a 
15 D class amplifier, since the constant voltage diode 
is capable of generating a reference voltage which 
gives a constant voltage function to a transistor as 
a switching element. 

According to the amplifier disclosed in the 
20 Japanese Patent Appl icat ions Laid-open No.S61-39708 
and NO.H03-159409, a distortion in the output from the 
amplifier due to a regulation in a power supply voltage 
can be removed, by correcting a pulse width of a driving 
signal according to a detected result as to the power 
25 supply voltage regulation. 
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Summary of the invention 
the present inventor finds, according to the 
amplifier disclosed in Japanese patent applications 
Laid-open No . S 5 2 - 9 6 8 5 4 , when it is required to handle 
5 a high-power output, a loss due to the transistor in 
the output stage is increased, and then efficiency may 
be deteriorated. 

And the present inventor finds, according to the 
amplifier disclosed in Japanese patent application 
10 Laid-open No.S61-39708 and No . HO 3 - 1 5 9 4 0 9 , the pulse 
width correcting lags behind the detection of the power 
supply voltage regulation, the distortion in the 
output from the amplifier may not be sufficiently 
removed . 

15 In view of the problems as described above, an 

object of the present invention is to suppress a 
distortion in an output from a pulse width modulation 
amplifier, due to a regulation in a power supply 
voltage, without deteriorating efficiency. In order 

20 to achieve the object, the present invention provides 
a pulse width modulation amplifier which supplies to 
a load circuit an amplified output having been 
subjected to a pulse width modulation, comprising: 
a first series circuit including a first 

25 switching element connected to a positive pole side 
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of a first di rect- cur rent power source, and a second 
switching element, one end of the load circuit being 
connected to a connecting point between the first 
switching element and the second switching element, 
5 a second series circuit including a third 

switching element connected to a positive pole side 
of a second direct- cur rent power source, and a fourth 
switching element, the other end of the load circuit 
being connected to a connecting point between the third 
10 switching element and the fourth switching element, 
and 

a driving circuit which turns on a set of the first 
switching element and the fourth switching element, 
and a set of the second switching element and the third 
15 switching element, set-by-set, each of the sets being 
alternately put into on-state. 

Brief Description of the Drawings 

Fig. 1 is a circuitry diagram of an output stage 
20 of a pulse width modulation amplifier relating to an 
embodiment of the present invention. 

Fig. 2 is a waveform chart showing operations of 
each part of the pulse width modulation amplifier 
relating to an embodiment of the present invention. 
25 Fig. 3 is a block diagram of the pulse width 
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modulation amplifier relating to an embodiment of the 
present invention . 

Fig. 4 is a block diagram of the driving signal 
generating section which is shown in Fig. 3. 
5 Fig. 5 is a circuitry diagram of an output stage 

of a pulse width modulation amplifier relating to 
another embodiment of the present invention. 

Fig. 6 is a block diagram showing an output stage 
of a conventional pulse width modulation amplifier. 
10 Fig. 7 is a waveform chart showing operations of 

each part of the pulse width modulation amplifier 
according to earlier development. 

Fig. 8 is an overall block diagram of the pulse 
width modulation amplifier according to earlier 
15 development. 

Description of the Preferred Embodiments 

Hereinafter, preferred embodiments of the 
present invention will be explained with reference to 
20 the attached drawings. 

Fig. 1 is a circuitry diagram of an output stage 
of a pulse width modulation amplifier relating to the 
present embodiment . 

In Fig. 1, ""Vccl" represents a direct-current 
25 power source. Reference numbers 1, 2, 3 and 4 
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respectively indicate four switching elements 
constituting the first full-bridge circuit, namely, 
the first switching element 1, the second switching 
element 2, the third switching element 3 and the fourth 
5 switching element 4. Each of the switching elements 
1, 2, 3 and 4 is configured, for example, by FET (Field 
Effect Transistor) . Reference numbers 5 and 6 
indicate low pass filters for filtering a noise and 
reference number 7 indicate a loud speaker as a load 

10 on the first full-bridge circuit, 

^Wcc2'^ represents a second direct-current power 
source. The reference numbers 11, 12, 13 and 14 
respectively indicate four switching elements 
constituting the second full-bridge circuit, namely, 

15 the fifth switching element 11, the sixth switching 
element 12, the seventh switching element 13 and the 
eighth switching element 14* Each of the switching 
elements 11, 12, 13 and 14 is configured, for example, 
by FET (Field Effect Transistor), 

20 The loud speaker 7 and the low pass filters 5, 

6 bridge a pair of opposing connecting points ^^a2" and 
^^a3" of the first full-bridge circuit. Here, a2 is 
a connecting point between the first and the second 
switching elements 1, 2, and a3 is a connecting point 

25 between the third and the fourth switching elements 
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3, 4. Simultaneously, the loud speaker 7 and the low 
pass filters 5, 6 bridge another pair of opposing 
connecting points b2 and b3 of the second full-bridge 
circuit. Here b2 is a connecting point between the 
5 fifth and the sixth switching elements 11, 12 and b3 
is a connecting point between the seventh and the 
eighth switching elements 13, 14. In other words , the 
loud speaker 7 and the low pass filters 5, 6 for 
filtering noise are connected as common load circuit 
10 to the first and the second full-bridge circuits. 
Therefore, the first full-bridge circuit and the 
second full-bridge circuit have a similar 
configuration, being provided with a common load 
circuit . 

15 Fig. 2 is a waveform chart showing operations of 

each part of the pulse width modulation amplifier of 
the present embodiment. 

^^Cf" indicates a carrier signal as a control 
reference, "'A'' indicates a driving signal supplied to 

20 the first and the fourth switching elements 1, 4 of 
the first full-bridge circuit, and ^^A' " indicates a 
driving signal supplied to the second and the third 
switching elements 2, 3 of the first full-bridge 
circuit. Here, an active period ""ta + ta' " of the 

25 driving signals A, A' is set to be approximately equal 
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to the cycle "'Tc'' of the carrier signal Cf . The active 
period ta + ta' represents a sum of the driving period 
^^ta" of the driving signal A and the driving period 
"'ta'" of the driving signal A' . 

^^B" indicates a driving signal supplied to the 
fifth and the eighth switching elements 11, 14 of the 
second full-bridge circuit, and ^^B''' indicates a 
driving signal supplied to the sixth and the seventh 
switching elements 12, 13 of the second full-bridge 
circuit. Here, an active period "^tb + tb' " of the 
driving signals B, B' is set to be approximately equal 
to the cycle ""Tc" of the carrier signal Cf . The active 
period tb + tb' represents a sum of the driving period 
''tb'' of the driving signal B and the driving period 
^^tb'" of the driving signal B' . 

^"Vsp" indicates a voltage applied to the loud 
speaker 7 and ^"isp" indicates a loud speaker current. 

Fig. 3 is an overall block diagram of the pulse 
width modulation amplifier relating to the present 
embodiment . 

As shown in Fig. 3, the pulse width modulation 
amplifier includes an input section 21, a digital 
filter 22, a driving circuit (a PWM generating section 
23, a driving signal generating section 25), and an 
output stage 26, and other things. It is to be noted 
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since the configuration having a same reference number 
used commonly in Fig. 3 and Fig. 8 carries out a same 
function, explanation thereof will be omitted. 

The driving signal generating section 25 
generates driving signals A, A', B, and B' based on 
the driving signals -D, which have been generated 
in the PWM generating section 23. Here, the driving 
signal A is to be supplied to the first and the fourth 
switching elements 1, 4 of the first full-bridge 
circuit, the driving signal A' is to be supplied to 
the second and the third switching elements 2, 3 of 
the first full-bridge circuit, the driving signal B 
is to be supplied to the fifth and the eighth switching 
elements 11, 14 of the second full-bridge circuit, and 
the driving signal B^ is to be supplied to the sixth 
and the seventh switching elements 12, 13 of the second 
full-bridge circuit. 

The output stage 26 is configured by a parallel 
circuit including the first full-bridge circuit 
connected to the first direct-current power source 
Vccl, and the second full-bridge circuit connected to 
the second direct-current power source Vcc2 . 

Fig. 4 is an illustration for explaining the 
details of the driving signal generating section 25 
of Fig. 3 . 
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As shown in Fig. 4, the driving signal generating 
section 25 includes a carrier signal generating 
section 31 which generates a carrier signal Cf, a 
divider 32 which divides the carrier signal Cf, for 
5 example, in half, a NOT circuit 33, and AND circuits 
34, 35, 36 and 37. 

When audio data is inputted into the input section 
21, the audio data is subjected to a computing process 
such as tone control and low pass filtering by the 

10 digital filter 22. Subsequently, in the PWM 

generating section 23, driving signals D, -D are 
generated based on a comparison result between the 
audio data and a triangular wave, and thus generated 
driving signals D, are inputted into the driving 

15 signal generating section 25. In the driving signal 
generating section 25, the logical AND between the 
driving signals D, -D from the PWM generating section 
23 and an output from the divider 32 is carried out, 
whereby the driving signals A, A' are generated. 

20 Further, the logical AND between the driving signals 
D, -D from the PWM generating section 23 and an output 
from the NOT circuit 33 is carried out, whereby the 
driving signals B, B' are generated. Those driving 
signals A, A' , B and B' thus obtained are respectively 

25 supplied to predetermined switching elements in the 
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first and the second full-bridge circuits. 
Specifically, the driving signal A is supplied to the 
first and the fourth switching elements 1, 4 in the 
first full-bridge circuit, the driving signal A' is 
5 supplied to the second and the third switching elements 
2, 3 in the first full-bridge circuit, the driving 
signal B is supplied to the fifth and the eighth 
switching elements 11, 14 in the second full-bridge 
circuit, and the driving signal B' is supplied to the 

10 sixth and the seventh switching elements 12, 13 in the 
second full-bridge circuit. In the first full-bridge 
circuit, the driving signal A which is supplied to the 
first and the fourth switching elements 1, 4, or the 
driving signal A' which is supplied to the second and 

15 the third switching elements 2, 3 becomes level ""H", 
a connection is established between the first 
direct-current power source Vccl and the loud speaker 
7, to supply the forward voltage a or the reverse 
voltage (i with respect to the loud speaker 7. 

20 Similarly, in the second full-bridge circuit, the 

driving signal B which is supplied to the fifth and 
the eighth switching elements 11, 14, or the driving 
signal B' which is supplied to the sixth and the seventh 
switching elements 12, 13 becomes level "'H", a 

25 connection is established between the second 
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direct-current power source Vcc2 and the loud speaker 
7 to supply the forward voltage ot or the reverse voltage 
P to the loud speaker 7. 

As shown in Fig. 2, the driving signals A, A' and 
5 the driving signals B, B' are alternately activated 
every cycle of the carrier signal Cf . Therefore, each 
of two sets of the switching elements, constituting 
one full-bridge circuit is alternately put into 
on-state for one time, while another two sets of 

10 switching elements constituting the other full-bridge 
circuit are in off-state. Here, two sets indicate a 
set of the first and the fourth switching elements and 
a set of the second and the third switching elements 
for the first full-bridge circuit, or a set of the fifth 

15 and the eighth switching elements and a set of the sixth 
and the seventh switching elements for the second 
full-bridge circuit. In other words, as known from 
the waveforms of the driving signals A, A' , B and B' 
in Fig. 2, when the fifth to eights switching elements 

20 11, 12, 13 and 14 of the second full-bridge circuit 
are in off-state, each of two sets of the switching 
elements in the first full-bridge circuit (a set of 
the first and the fourth switching elements 1, 4 and 
a set of the second and the third switching elements 

25 2, 3) is alternately put into on-state for one time. 
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Subsequently, when the first to fourth switching 
elements 1, 2, 3 and 4 of the first full-bridge circuit 
are in off-state, each of the two sets of the switching 
elements in the second full-bridge circuit (a set of 
5 the fifth and the eighth switching elements 11, 14 and 
a set of the sixth and the seventh switching elements 
12, 13) is alternately put into on-state for one time. 
Here, in the second full-bridge circuit, the set of 
switching elements 11, 14 is put into on-state in 

10 advance, which has a same positional relationship with 
the set of switching elements 1, 4, with respect to 
the loud speaker 7, the set of switching elements 1, 
4 being also put into on-state in advance among the 
two sets of the switching elements of the first 

15 full-bridge circuit. Accordingly, the two full-bridge 
circuits are alternately activated. 

With the operations as described above, the power 
source current is supplied to the load circuit 
alternately from the first direct-current power source 

20 Vccl and the second direct-current power source Vcc2 . 
Therefore, comparing to the case where only one 
full-bridge circuit is employed in the output stage, 
the period when the power is applied from each of the 
direct-current power source Vccl, Vcc2 is made 

25 one-half. Even in this state, since the output 
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voltages generated by the two full-bridge circuits are 
synthesized at the both edges of the loud speaker 1, 
as shown in Fig. 2, the applied voltage Vsp of the loud 
speaker 7 has a waveform similar to that of the case 
5 where a pulse width modulation amplifier according to 
earlier development is employed. Then, as in the case 
being connected to the pulse width modulation 
amplifier according earlier development, the loud 
speaker 7 is forward-driven during the period tl when 

10 the application period of the forward voltage a is 
longer than the application period of the reverse 
voltage (5, whereas it is reverse-driven during the 
period t2 when the application period of the forward 
voltage a is shorter than the application period of 

15 the reverse voltage p. 

As described above, according to the present 
embodiment, since two full-bridge circuits are 
alternately activated, the power supply current is 
supplied to a load circuit alternately from the first 

20 direct- cur rent power source Vccl and the second 

direct-current power source Vcc2 . Therefore, even if 
the output voltage of one direct-current power source 
is lowered due to a supply of a power source current, 
it can restore the output voltage, during the time when 

25 the other direct-current power source is supplying the 
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power source current. For example, even after a flow 
of a load current in large volume, it is possible to 
secure a time to restore the voltage drop. 
Consequently, though a constant voltage diode is not 
5 employed for providing a transistor in the output stage 
with a constant voltage function, it is possible to 
prevent an occurrence of amplifier output distortion. 
In other words, the distortion of the amplifier output 
due to a regulation in the power supply voltage can 

10 be suppressed without deteriorating efficiency. 

In the description above, two full-bridge 
circuits are employed in the output stage 26. As shown 
in Fig. 5, however, it is possible to configure the 
output stage 26 with the first half-bridge circuit 

15 where a series circuit of two switching elements 41, 
42 is connected to the first direct-current power 
source Vccl, and the second half-bridge circuit where 
a series circuit of two switching elements 51, 52 is 
connected to the second direct- cur rent power source 

20 Vcc2 . When the output stage is configured with the 
two half-bridge circuits in such a manner as described 
above, the driving signal generating section 25 is not 
provided. Instead, the driving signal D being one of 
the two types of driving signals D, -D, which have been 

25 generated by the PWM generating section 23, switches 
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on and off the switching element 41 in the positive 
pole side of the first direct-current power source Vccl 
of the first half-bridge circuit and the switching 
element 52 in the negative pole side of the second 
5 direct-current power source Vcc2 of the second 
half-bridge circuit. The other driving signal -D 
switches on and off the switching element 42 in the 
negative pole side of the first direct-current power 
source Vccl of the first half-bridge circuit and the 

10 switching element 51 in the positive pole side of the 
second direct-current power source Vcc2 of the second 
half-bridge circuit. In such an output stage as 
described above, as far as the audio data inputted into 
the input section 21 is a small signal, a ratio between 

15 the period when the driving signal D becomes level ^^H'', 
and the period when the driving signal -D becomes level 
^^H" is approximately 50:50, and then the power source 
is supplied alternately from the first direct-current 
power source Vccl and the second di rect- cur rent power 

20 source Vcc2, generating a similar advantage as 
described above. 

In the embodiments above, a configuration where 
two sets of direct-current power sources and bridge 
circuits (full-bridge circuits or half-bridge 

25 circuits) are employed is described as a way of example. 
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However, the present invention may also be applicable 
to the case where at least three sets of the 
direct-current power sources and bridge circuits 
(full-bridge circuits or half-bridge circuits) are 
employed . 
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